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Passive smoking and diet in the etiology 
of lung cancer among non-smokers 
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A ca*c-control smdy wai nnrlma k m in A them to cxpkxn the tok of p*strv« smoking aod diet m the cainadon of lung cancel. by bwoiopc 
type, in aon- tmokin g women. Among 160 women with lung aaca admitted to one of seven major h ospi t al* in Greater .trams b et w e en 1987 
and 1989, 154 weft interviewed in person; of those int er v ie wed. 91 were life-long non-smokers. Among 160 identified controls with soctuna 
<C Other orthopedic co n d itions , 145 were interviewed in person; of chow interviewed. 120 were life-long jlamy Qf» 

* wbove mk for hing cancer of 2.1 (95% confidence interval (OJ 1.I - 4.1); 

4aSf bf the hmh i n d and years of expoww* so faa fa oad V sookmg west poMtvdy; hoc noc ngmfkandy, rdaccd to hmg oncer tuilZhctt was 
no evidence of any usoebbon with exposure to anoldng of other household members, and the association with exposure to passive smoking 
•* woik was s ma ll and not ItacadcaUy sign in not. Dietary data collected through a jdi -<pra m i tati vc fdod-^cqncncy t^oesdanniift radiated 
tfam high consumption of fruits was inversely teheed go the risk of lung oncer (the rebrive ash bet ween extreme quantise was 0-27 (Q 0.10- 0.74)). 
Nether vegetables not anr other food group had an additional protective effect: furthermore, the apparent protective tftect of vegetables was 
aor due to ozotcooid vitamin A c o ntent and was only partly explained in team of vitamin C The associa tions of lung cancer ask with passive - 
MMkiiif and reduced fruit intake were independen t and did ooc confound each other. Attiv* smoking was aaooated with an increase of the 
ink of aB JoBologic types of oncer, aithoogh the elevation war more modot £nt * r > ' 

Kay words: Lung cancer, passive smoking, diet, air pollution, viumin A, vitamin C. carotene. 

Introduction 

ex-smokers among oon-smokers (ex-smokers arc at 
increased risk of lung cancer and are more likely to be 
married to smokers relative to life-long non-smokers), or 
to confounding effects) of unspecified factors). One 
such factor could be nutrition (/.g., nutrition poor in 
carotenoid sources of vitamin A) since passive smokers 
may be less health-conscious than non-exposed persons. 
The present study was undertaken to examine the role 
of diet and passive smoking is the causation of lung 
cancer in non-smokers, by histologic type. Special 
emphasis was given to the exclusion of ex-smoken from 
any analysis concerning lifelong non-smokers. 

Materials and methods 

All women hospitalised during an 18-monch period 
(1987 - 89) in seven hospitals of the Greater Athens area 
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The association betwe en involuntary exposure to tobacco 
smoke and lung cancer was first reported in 1981 ; u by 
the end of 1989 more than 20 epidemiologic studies had 
examined this issue.*’ 10 In about one-third of these 
studies there were statistically significant positive 
associations between passive smoking and lung cancer 
risk, whereas in another third there were positive but 
statistically non-significant relationships, and in the 
r em a inin g third the associations were minimal or non- 
eastern. Overall die association between passive smoking 
and lung cancer is highly significant and, for practical 
purposes, chance can be excluded as a possible explana¬ 
tion* On the basis of biologic plausibility and epidemi¬ 
ologic evidence, causality appears the most likely 
explanation of the empirical association, but this view 
has not been uniformly accepted. It has been suggested 
.that the association may reflect misdassificarion of 
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with a definite diagnosis of lung cancer formed the case 
scries. The hospitals included all three cancer hospitals 
in this area, the only hospital for chest diseases in Athens, 
and the three largest umvenfry general hospitals. Women 
were included when there was a positive histologic or 
cytologic examination or when bronchoscopy was con¬ 
sidered diagnostic of primary bronchogenic carcinoma. 
A total of 160 cases were identified. Controls were 160 
women hospitalized in the orthopedic departments of 
the same hospitals or the nearby hospital for orthopedic 
disorders, to which most accident cases from Greater 
Athens and the surrounding area are admitted. Controls 
were randomly selected from those admitted within a 
week after the identification or a corresponding case and 
had to be 35 yean of age or over. Among the control 
women, 102 had fractures and the remaining 58 had 
other traumatic or orthopedic conditions. 

AlJ cases and connols were interviewed in person in 
the hospital wards, as soon as a definite diagnosis was 
established, by one of five interviewers who each inter¬ 
viewed the same proportion of cases and controls. There 
were no refusals among cases but six were too ill to be* 
interviewed. Among controls, U were in a condition that 
did not permit interview, and three refused to partici¬ 
pate. in the interviews, patients were asked to indicate 
in detail their lifelong smoking histories, their exposure 
to passive smoking—from their husbands, from other 
household members and at work—as well as a number 
of other demographic, socioeconomic, and medical 
characteristics. Subjects were also asked to estimate the 
average frequency of consumption (per month, per week, 
or per day), before the onset of the present disease, of 
47 food items or beverage categories. These items were 
selected from an extensive list of 120 items, using the 
criterion dm the selected items should cover, collectively, 
more than $0% qf the intake of each of the energy-gener¬ 
ating nutrients as well as of vitamin A. This criterion was 
established on information from control groups in a 
number of case-control studies undertaken in Athens to 
explore die role of diet in the causation of cancer at 
various sites. 11 

Lifetime exposure to air pollution was controlled in 
the analysis on the basis of information about the lifelong 
residential and employment addresses of all subjects. The 
areas of residence and work were divided into five 
categories according to their estimated outdoor air-pollu¬ 
tion levels. For the Greater Athens area, air-pollution 
levels by borough were calculated on the basis of the 
mean yearly measurements (1983 - 85) of smoke and 
NO*. « recorded in 14 monitoring stations dispersed 
throughout the area. A line for zero air pollution was 
drawn at die highest points of the surrounding moun- 
rains. For each borough, the calculated air-pollution level 
was the average of the measurements of the three nearest 
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stations, or the cwo nearest and the zero air-pollution 
line, weighted by the inverse of the distance from the 
borough’s center to the measurement points. Boroughs 
were then divided into four categories, category 4 being 
the most polluted with daily smoke values frequently in 
excess of 400 pg/m* and category 1 being the less 
polluted with daily peak-smoke values rarely exceeding 
100pg/m 3 . Pm residences in rural or semi-urban areas 
(population less than 10,000) were considered as 
category 0, whereas past residences in other dries of 
Greece were classified in categories X or 2 according to 
the recorded or presumed levels of air polluriom Finally, 
for every individual, a rime-weighted sum was calculated 
assuming 40 houn per week working rime for individuals 
working outside the home. For housewives, their home 
residence formed the only basis for estimating their air- 
pollution exposure, When all subjects had their air- 
poilurion exposure assessed, they were distributed into 
four groups based on the marginal auartiles of the air 
pollution index distribution. Since it is possible that the 
hospital catchment areas are larger for cancer patients 
than for patients with minor fractures and traumas, the 
possible air-pollution associations were taken into account 
only in order to control for possible confounding 
(generated by either genuine causal effects or through 
selection forces), and not for assessment of causality. 

Among the 154 cases, 91 had been life-long non- 
smokers (less than 100 cigarettes in their lifetime); among 
them, 44 were diagnosed histologically (48%), 34 
cytologicaily (38%), and 13 (14%) through broncho¬ 
scopy. Among the 145 controls, 120 had been life-long 
non-smokers. The analysis was confined to life-long non¬ 
smokes. 

Three sources of passive smoking examined in the 
present study were: husband’s smoking; smoking of other 
household members; and exposure to smoking at work. 
Exposure to husband’s smoking was considered to scan 
at the rime of marriage or when die husband started 
smoking (whichever came second) and to end when the 
husband stopped smoking or died, or the couple 
separated (whichever came first). Change of husband was 
considered equivalent to change in husband’s smoking 
habits, whereas single women were considered as 
unexposed to husband’s smoking. Years of exposure to 
husband’s smoking and average number of cigarettes 
smoked daily by the husband were separately examin ed 
in the analysis. 

Exposure to the smoking of household members other 
than the husband was assessed by multiplying the yean 
a woman lived in each of her homes throughout her life 
with the number of smokers in the corresponding houK 
(excluding the husband) and by summing these produc 
terms. Subsequendy, all women were distributed ict( 
four groups: one containing those who had never bee: 
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exposed to passive smoking from members of chcir 
household; and chree consponding to the ceniles of 
increasing household exposure. Finally * exposure co 
passive smoking in the workplace was calculated as the 
rime-weighted sum of exposure to smoking ar work* the 
exposure being based on the number of smokers among 
people working in the same dosed space. 

From the 3 cmi-quanriraave food-frequency question¬ 
naire. energy intake and intakes of vitamin C and of 
vitamin A and its consuwcnts (Carotene and retinol) were 
estimated by multiplying the nutrient content of the 
selected portion size for each specified food item, by the 
frequency that the food was consumed, and a ddin g these 
estimates for all food items. Food-composition data were 
based primarily on values obtained from the University 
of Massachusetts Nutrient Data Base. 11 Analyses were 
also undertaken in order to examine food consumption 
(rather than nutrient brakes). Subjects were distributed 
into marginal quarries by total frequency of consumption 
of food items belonging to specific food groups (*.*., 
meats, fruits, and vegetables). 

Multiple logistic-regression models were used for the 
statistical examination and summarizanon of the data. 
In the analyses, a core model was used which included 
age (as a categorical variable in ten-year groups), years 
of schooling (quanritarively), and interviewer (four 
indicator variables). All confidence intervals shown are 
95% btervais. Analyses were done using the GLIM 
statistical package (Numerical Algorithms Group Inc., 
Release 3. 1973). 

Results 

Table 1 shows the distribution of cases and controls by 
selected demographic characteristics. There are no 
significant differences with respect to age, yean of 
schooling, current residence and occupation, even chough 
these variables were controlled for in subsequent multi- 
variate analyses. Table 2 shows the distribution of cases 
and controls by selected parameters of exposure to passive 

fnafcmg ts associated with increased nsk/bux the 
differences are not large enough » be in rerpretable 
without controlling for confounding eff ec ts . Table 3 
compares the distribution of cases and controls by lifidoog 
exposure to outdoor air pollution. The two distributions 
ere almost identical. Finally, in Table 4 the distribution 
of cases and controls by frequency of consumption of 
specified food groups and nutrients is presented. There 
» no dear or suggestive difference between cases and 
controls with respect co any of the indicated nutritional 
variables, except for cereals (? - 0.04) and fruits (P - 
0*11). The association with cereals ts positive but is not 
biologically«rcdible. is not supported in the literature. 


Ta bk i. Distribution of 9i oon-smokirig women with hmy cancer and 
120 oon-sraolring comparison women by selected demographic 
characteristics (percentages in parentheses) 


Characteristic 

Cases 

Controls 

P 

Age <50 yean 

50 - 59 yean 

60-69 years 

70- yean 

» (li.j) 

IB (19.8) 

27 (29.7) 

31 (34.1) 

17 (14.2) 

22 (18.3) 

31 (23.8) 
50(41.7) 

0.36 

Schooling < 1 year 

1-6 yean 

7* yean 

18 (19.8) 

53 (58.2) 

20 (22.0) 

27 (22.3) 

72 (60.0) 

21 (17.3) 

0.45 

Current residence 

Greater Athens 

Ocher urban 

Semi-urban 

Rural 

48 (52.7) 

U (12.1) 

7 (7 7) 

25 (27.3) 

67 (33.8) 

9 (7.5) 

9 (7.3) 

33 (29.2) 

0.99 

Occupation 

Ever employed 

Housewife 

67 (73.6) 

24 (26.4) 

80 (66.7) 

40 (33.3) 

0.88 

Marital status 

Ever married 

Single 

*3 (91.2) 

1 («•<) 

109 (90.8) 

11 (92) 

0.99 

l P value for linear trend. 




Table!. Distribution of 91 non-smoking women with lung cancer and 
120 non-sroolang comparison women by setened parameters of exposure 
to passive smoking (percentages in parentheses) 

Characteristic 

Cases 

Controls 

I* 

Husband’s smoking 
Ggirertts/day 
never smoked 

1-20 

21-40 

41 + 

26 (22.9) 

34 (37.8) 

22 (24.4) 

1 <M) 

46 (39-7) 

59 (33.6) 

U (19-0) 

9 (7.8) 

0.16 

Husband’s smoking 
Duration of exposure 
never smoked 
<20 years 

20-29 fOD 

30-39 years 

40+ yeas 

26 (28.9) 

13 (16.7) 

15 (16.7) 

17 (18.9) 

17 (18.9) 

46 (39.0) 

21 (174) 
20(169) 

13(12.7) 

16 (13.6) 

0.07 

Other household exposure 
None 

Low (Ur terole) 

Medium 

High (3rd textile) 

13 (16.7) 
29 (32.2) 

24 (26.7) 
22 (24.4) 

26(22.0) 

26 (22.0) 
r (22.9) 
39(33.0) 

0.60 

Exposure at work 

Housewife 

Minimal 

Some 

24 (27.0) 

52 (38.4) 

13 (14.6) 

40 (33 9) 

68 (57.6) 

10 (8-5) 

0.15 


*P value for linear trend. 
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Tabic J. Dtanbudoo of 91 oao-smoking women with lung oncer and 
120 non-smoking companion women by index of lifelong exposure 
co outdoor air pollution (percentages in parentheses) 


Air pollution index 


Cues 

Controls 

1m quanile: wxy low 
2nd quanilc: low 

3rd quartik: modrrarr 
4tb quarnk*. high 


32 (35.2) 
20 (22.0) 

18 (19.8) 
21 (23.1) 

43 (35.8) 
26 (21.7) 
22 (18.3) 
29 (24.2) 

f fbr linear scad - 0.99. 




Table 4. Distribution of 91 coo-smoking women with lung cancer and 
120 nonsmoking comparison women by approximate marginal quaroks 
or terriles of frequency of consumption of specified flood groups and 
du meets (percentages in parentheses; 

Food group 


Quant i« 


Pkx 

or nutrient 

1 (Low) 

2 

3 

4 (High) 

linear 

trend. 

Cereal* 

cases 

controls 

27 (29.7) 
a (35.S) 

16(17.6) 
34 (28 3) 

34 (37.4) 
33 (27.5) 

14 (15-4) 
10 (8.3) 

0.04 

Potatoes 

cases 

controls 

7 (7.7) 
14 (11.7) 

18 (19.8) 
27 (22.5) 

33 (38.2) 
57 (47.5) 

13 (14.3) 
22(18.3) 

0.57 

Sugars 

cases 

control* 

28 (30.8) 
*4 (36.7) 

24 (26.4) 
30 (23.0) 

26 (28.6'. 
il (25-8) 

13 (14.3) 
15 (12,5) 

0.40 

Pulks 

cues 

controls 

50 (54.9) 
81 (67.5) 

36(39.6) 
29 (24J) 

5 (3.3) 
» (8.3) 


0.26 

Vegetables 

cases 

27 (29.7) 
34 (28.3) 

22 (24.2) 
36(30.0) 

U (19.8) 
29 (24.2) 

24 (26.4) 
21 (17.33 

0.44 

Fruits 

cases 

controls 

35 (38.5) 
22 (18.3) 

19 (20.9) 
44 (36.7) 

15 (16.3) 
24(20.0) 

22(24.2) 

30(23.0) 

an 

Meats, fish, eggs 
case* 2d (23.6) 

controls 39 (32.3) 

23 (23.3) 
27 (22.5) 

21 (23.1) 
31 (23.8) 

21 (23.1) 
23 (19.2) 

0.57 

Milk aod milk products 
cases 21 (23.1) 

controls 27 (22. 3) 

29 (31.9) 
32 (26.7) 

16 (17.6) 
30 (25.0) 

2) (27.3) 
51(35.1) 

0.76 

Pats and oils 
cases 

controls 

25 (27.5) 
35(29.2) 

24(26.4) 
30 (25.0) 

33 (36.3) 
33 (27.5) 

9 (9.9) 
33 (18.3) 

0.66 

Cola 

cases 

control* 

70 (76.9) 
95 (79.2) 

10 (11.0) 
16 (13.3) 

U (12.1) 

9 (7.5) 


0.44 
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Tabic 4. continued 


Pood group 


Quamln 


Plot 

or nutrient 

l (low) 

2 

3 

4 (High) 

linear 

trend 

Other poo-akobolic beverages 
cases 44 (48.4) 30 (33.0) 

controls 69 (57.5) 26 (21.7) 

17 (18-7) 
25 (20.3) 


0.52 

Vitamin A 

controls 

23 (23.3) 
30 (23.0) 

21(23.1) 
32 (26.7) 

20(22.0) 
32 (26.7) 

27(29.7) 
26 (21.7) 

0.48 

Jteriool (preformed) 
cases 32 (24.:) 

control* 30 (25.0) 

23 (25.3) 
30 (23.0) 

21 (23.1) 
32 (26.7) 

25 (27.5) 
28 (23.3) 

0.72 

^-carotene 

eases 

controls 

25 (27.5) 
28 (23.3) 

19 (20.9) 
53 (27.5) 

20 (22.0) 
33 <27.5) 

27 (29.7) 
26 (21.7) 

0.68 

Vitamin C 

cases 

controis 

30(33.0) 
22 (18.)) 

16(17.6) 
38 (31.7) 

23 (25.3) 
29 (24.2) 

22(20) 

31(25.8) 

0.30 

Total energy 
cases 
controls 

23 (25.J) 
30 (25.0) 

25 (27.5) 
27 (22.5) 

18 (19.8) 
35 (29:2) 

25 (27.5) 
28 (23.3) 

0.93 


is not particularly marked, and may well be explained 
by die multiplicity of comparisons made; it was not 
further explored. By contrast, the negative association 
with consumption of fruits is biologically credible given 
their high content of vitamin C and some carotenoids, 
and has been found in many other studies. Among the 
non-associations, coal energy intake deserves par ti cu la r 
mention because it indicates that, in quantitative teens, 
there is no differential dietary reporting between cases 
and controls. 

The association of lung cancer with exposure to passive 
smoking through marriage to smoking husbands was 
further examined by multiple logistic regression. 


controlling for age, yean of schooling, and interviewer. 


«« 59/The effect of the average number of 

ciga ret tes smoked daily by the h usb a n d and the duration 
of marriage to smoken were evaluated in two different 
models, controlling for the same core variables as above 
and introducing, alternatively, the daily number of 
cigarettes and the duration of marriage as quantitative 
terms interacting with the smoking status of the hus b and 
(the ‘gate’ device). ,J - 1 ‘Theton*cancerriskimooff noo-“ 
smokeainesajed fejdffe.&vjeveti-ld'yiao of exposure 
p nuawnfl s smo king and, by_o% lot every additional j 
“'.These estimates are low 


i 
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die smoking sums of che husband is validly ascouined. 
the quantitative aspects of the exposure are difficult to 
assess accurately. 

g f >.7or ©odds were used ro assess the effects of 
exposure ro tobacco smoking by ocher household mem¬ 
bers or at the workplace. The results were qualitatively 
ginilar to those presented in Table 2. There was no 
ev idence of any effect from exposure to smoking of other 
household members, whereas the effect of exposure to 
passive smoking at work was very small and not statist* 
ically significant (the HR between extreme quardies was 
1.08 (0.24 - 4.87)). Controlling for air pollution had no 
effect on any of the multivariate analyses. 

Table $ shows multiple logistic icgression-denved RR 
for lung cancer among non-smokers between extr em e 
quartiles of selected food groups and nutrients. The RR 
estimates arc adjusted for age, years of schooling, 
interviewer, and total energy intake. There ts little, if 
any. confounding between the two indicated food groups 
(vegetables and fruits) or among the three indicated 
nutrients. Therefore, the data suggest that foies, bur not 
vegetables, protect against lung cancer, and that vitamin 
C alone can nor explain all or most of the protective effect 
associated with fruit consumption. There is also evidence 
that retinol (preformed vitamin A), far from being 
protective, may actually be associated with an increased 
risk for lung cancer in this series. 

Finally, exposure to husband’s tobacco smoking, and 
fruit consumption, were simultaneously introduced in 
another model (together with age. yean of schooling, 
interviewer, and total energy intake) ro explore whether 
the passive smoking effect is confounded by inadequate 
inrake of foies, and vice versa. There is no such evidence. 
In fact, the RR associated with exposures to husband's 
tobacco smoking increased from 1.92 to 2.11 and the 
relative risk associated with high vs. low consumption of 
fruits decreased from 0.35 to 0.27. Introduction of r r m 
to the last model had no effect whereas the study was 


llkj Mmil to allow meaningful isscaamcm. of imciauivc 
effects, if any. 

The last model was also applied separately for adeno¬ 
carcinomas, on one hand, and for squamous, small* and 
large-cell carcinomas, on the other, using in both in¬ 
stances the total set of controls. The results arc shown 
in Table 6. It appears tfaar the effects of passive smoking 
are more evident for squamous small- and large-cell car¬ 
cinomas taken together, than for adenocarcinomas, 
although the difference is not stamurally significant. On 
foe contrary, foe nutritional factors) associated with fruit 
consumption appear to be equally strong in both groups. 

Discussion 

Three major reports have concluded that foe existing data 
strongly support a causal relation between passive 
smoking and lung cancer. ;4 " 16 There have been also 
more chan 10 epidemiologic studies assessing foe role of 
nutrition in foe etiology of lung cancer. In a critical 
review, Willett* 7 summarized foe evidence as being 
remarkably consistent in suggesting an inverse association 
between carotenoid sources of vitamin A and the risk of 
foe disease. Since both exposure to passive smoking, and 
a diet poor infruit and vegetables, may reflecr inadequate 
health education, it is conceivable, that each of foe two 
factors coula confound foe relation of foe other to foe 
risk of lung cancer. The p rese nt $mdy suggests foai this 
ts nqt^foc case;jc^rffetTofpassive smokmgsEd diet 
appearco be independent. Residual confounding on the 
basis of a conceivable association between husband’s 
smoking of high tar (rather than low tar) cigarettes and 
inadequate fruit intake by his wife is unlikely, because 
high- and low-car cigarettes confer similar exposures in 
foe context of passive smoking (tar intake depends 
primarily on foe filter used). Furthermore, the special 
effort to exclude cx-smokers from foe study of lung cancer 
among non-smokers provides assurance foar foe results 


Tabk 5. Muinpie iogaoc rsgfeatorvdcmcd relative risk zot rung cancer 
among non-smokers between carcase quamles of reacted £ood group* 
or nutrient* 


Food group or 
mi extent 

lidsuTc risk 
between extreme 
quartiles 1 

Confidence 

mcemi 1 

P value 

^•CuoRQe 

1.01 

0.C4-1.V) 

0.96 

letifioi (pte&rmrd) 

1.31 

0.98-1,7* 

0.06 

Vitamin C 

0.67 

0.42-1.05 

o.o$ 

Vegetables 

1.09 

0.44-2.68 

0.86 

Fruit* 

0.33 

G.13-0.S6 

0.02 


‘‘Comrollmg tor age. years of spooling, interviewer, and totai energy 
intake. 


Table 6. Me&ptc loghaC fcgtcsioe-^cxivcd tekctec ritk <95% 
confidence imara ir) lor lung carxcr by batologic type among non* 
smokers according to husband** tobacco smoking sol cur, sod ro high 
p*. lo« quorate or suit consumption* 


Histological type* 

Husband smoker 
er. noo-smoker 

Fruiss consumption 
high «. low quaraJe 

All lung cancer 


*0.27(0.10-0.74) 

Adenocarcinoma* 

2.04 (0t98 -4.24) 

0.22(0.07-0.7}) 

Squamous, small*/ * 



hrge*ccU 

2.58 (0.88-7.57) 

0.24 (0.04 - l.*) 


•Controlling for age. yean of schooling, interviewer, sad tool energy 
intake. 

*For i J of the *H case* histologic type was not available. 
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of passive smoking do nor reflect bias generated from 
misciassificarioG of ex-smokers among the non-smokers. 

The present study has advantages and disadvantages. 
Ail women were interviewed in peson by medically 
qualified interviewers in the hospital wards; there were 
very few refusals* and most of the lung cancer cases were 
histologically or cytologically confirmed. However* the 
study is a hospital-based case-control investigation, and 
the possibility of selection bias cannot be excluded. 
Nevertheless, the parddpadng hospitals admit more than 
one-half of the lung cancer cases and accident patients 
hospitalized in the Greater Athens area; cases and 
controls were very similar with respect to the demographic 
and socio-economic characteristics examined; the RR 
linking active smoking to lung cancer (3.3) in women 
is very similar to the corresponding estimates derived 
from ocher larger studies; 1 * and the air-pollurion 
findings in the present study, suggesting thar there is 
no association between air pollution and lung cancer risk, 
are in line with the collective evidence in the inrerrurional 
literature. 19,20 The appropriateness of using patients 
with fractures and other traumatic conditions as controls 
may be questioned on the basis of a postulated associ¬ 
ation between diet and osteoporosis and the well-known 
link between alcohol intake and risk of accident. The link 
between diet and osteoporosis is tenuous, however, and 
there is no evidence that increased intake of fruit or 
vegetables can lead to osteoporosis or increase the 
probability of a traumatic lesion through another 
mechanism. There is also no reason to believe thai alcohol 
intake deserves important consideration in studies of 
mostly elderly Greek women, and there is no obvious 
link between high alcohol intake on the one hand, and 
low exposure to passive smoking or high intake of fruits, 
on the other. 

The association between diet and lung cancer has been 
exhaustively and critically reviewed by Willerr. 17 It 
appears thar physiologic considerations and some results 
from animal studies have pointed to vitamin A as a 
possible protective factor against several tumors, in 
part icu la r lung cancer. Most of the epidemiologic studies, 
however, provide no evidence that retinol plays an 
important role in the etiology of lung cancer, whereas 
the majority of these studies indicated thar a high intake 
of fruits and vegetables is inversely related to the 
occurrence of the disease. 17 It has been assumed initially 
chat the effect of fruits and vegetables could be explained 
through their high content of carotenoids, some of which 
are eventually converted into vitamin A. However, 
carotenoids may have other actions that are not shared 
by vitamin A - notably quenching sing la oxygen and 
free radicals chat could otherwise initiate harmful 
biochemical reactions like lipid peroxidation. 21 Gradu¬ 
ally, a consensus has begun to develop that carotenoids 


(and in particular, beta-carotene) are important 
themselves rather than as precursors of vitamin i 
Although this view is certainly compatible with tl 
empirical evidence which strongly suggests thar fruits ar 
vegetables protect against lung cancer, it is not the on 
credible hypothesis. As Wiilecr 17 and other authors ha 
warned, it is possible thar other components of cena 
fruits and vegetables, such as carotenoids unrelated i 
vitamin A, or indole compounds, 22 are the protean 
factors). The findings of the present study point rowan 
this alternative interpretation of the overall evident 
They indicate that fruits, rather chan vegetables, are ri 
important protective facron and chat their effect, if rea 
is mediated neither through bcta-carocene. nor cxclu 
iveiy through vitamin C. 

It is possible, of course, that the results of this stud 
notwithstanding their statistical significance, are due i 
chance. It is also true chat the utilized scmi-quanricach 
food-frequency questionnaire was limited to only 47 foe 
irems and chat the available nutrient database was nc 
specifically developed to represent the Greek dietai 
intakes. Nevertheless, both issues cannot readily explai 
the partem of associations seen in Table 5. Fuxthermon 
these findings are compatible with the relatively la 
incidence of lung cancer in the Greek population - 
population with the highest per capita tobacco cor 
sumption in the world, but with a very high fru 
consumption as well. 2 * 

The findings of this study with respect to passiv 
smoking and histologic type are compatible with finding 
previously reported. It is now accepted that active smoi 
ing causes all histologic forms of lung cancer but the 
the association is weaker for adenocarcinoma. 24 Passiv 
smoking has been linked to adenocarcinoma 6,25 as we. 
as to other forms of lung cancer, 5,4 but the associario 
has been demonstrated less consistently for th 
former. 26-27 On the contrary, the dietary associario 
noted in the present study does nor appear to depen 
on histologic type, in line with the evidence emergin 
from other. 26 though not all, 17 previous studies. 
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